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ABSTRACT

Two trials were conducted, involving 48
Yorkshire specific pathogen-free pigs, three
to four weeks old, to investigate diets which
would result in a high incidence of deaths from
mulberry heart disease and hepatosis dietetica
in pigs. Diets based on ground corn with
torula yeast resulted in a high incidence of
death. Protein supplements of dried skim milk
or soybean meal with corn did not induce a
high incidence of death. Diets supplemented
with torula yeast had the lowest selenium con-
centration and highest a-tocopherol concentra-
tion of the diets investigated and resulted in
lower liver selenium concentrations. A higher
frequency of hepatosis dietetica, mulberry
heart disease, skeletal muscle degeneration and
exudative diathesis was observed in pigs fed
the low level selenium diets containing torula
yeast.

RESUME

Les auteurs ont effectue deux experiences,
en utilisant 48 porcelets gnotobiotes Yorkshire
ages de trois a quatre semaines, dans le but
d'etudier des dietes qui engendreraient plu-
sieurs cas mortels de cardiopathie miuriforme
et d'hepatose dietetique porcines. Des dietes a
base de mais moulu et enrichies de levure to-
rula causerent plusieurs mortalites. Des sup-
plements proteiques: lait ecreme en poudre et
tourteau de soya, ajoutes 'a du mais, ne cau-
serent que quelques mortalites. Les diietes en-
richies de levure torula contenaient la plus fai-
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ble concentration en selenium et la plus forte
en a-tocopherol de toutes les dietes experimen-
tales et produisirent de faibles concentrations
hepatiques en selenium. L'hepatose dietetique,
la cardiopathie m&triforme, la degenerescence
des muscles squelettiques et la diathese exsu-
dative s'avererent plus frequentes chez les
porcelets nourris avec les rations 'a faible te-
neur en selenium qui contenaient de la levure
torula.

INTRODUCTION

During recent years in Ontario there
has been an apparent increase in sudden
deaths in swine exhibiting lesions similar
to those described by Obel (21) for hepa-
tosis dietetica (HD) and by Grant (11)
for mulberry heart disease (MHD). Both
workers reported a high incidence of ske-
letal muscle degeneration (SMD), exudative
diathesis (ED) and microangiopathy
(MAP) in association with HD and MHD.
Obel (21) also observed gastric ulcers in
many pigs with HD. Low levels of vitamin
E (21) and selenium (11) have been impli-
cated in the conditions. It has been suggest-
ed that practical swine diets would not
likely be deficient in vitamin E (20). The
routine supplementation of swine diets with
selenium has not been allowed by regula-
tory authorities. Most of the earlier work
regarding these conditions was conducted
in Sweden; however, the feedstuffs used
and conditions under which swine are raised
differ from that in Canada.

Therefore an investigation into the prob-
lem as observed in Canada appeared war-
ranted. The objective of this work was to
develop diets which would produce a high
frequency of MHD and HD in pigs. Toru-
la yeast was used as the main protein sup-
plement since it is low in Se (4, 19, 22, 24).
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MATERIALS AND METHODS

GENERAL

A total of 48 Yorkshire specific patho-
gen-free (SPF) pigs, from sows which had
not been supplemented with selenium or vi-
tamin E, were used in two trials. The pigs
had access to a similar diet prior to ini-
tiation of the trial. The pigs were con-
fined to metal pens with a woven wire
floor elevated about 0.30 m above a con-
crete floor in an enclosed heated building.
Feed and water were given ad libitum via
self feeders and water nipples.

FEED AND DIET PREPARATION

The corn used in the two trials was har-
vested in the fall of 1967 at the Elora Re-
search Station and artificially dried to ap-
proximately 85% dry matter before stor-
age. The dried skim milk' was of one batch,
processed during February 1967. The torula
yeast2 was purchased in one lot. The soy-
bean meal used in the second trial was im-
ported from Ohio. The corn was ground to
a medium to fine consistency with a ham-
mermill prior to diet preparation. The diets
were mixed weekly or when needed in a
100 kg capacity mixer and stored in plas-
tic bags.

'Gay Lea Dairy, Tara, Ontario.
2Lakes States Yeast Corp., Rhinelander, Wis.

All pigs which died during, or were killed
at the termination of the trials, were ne-
cropsied within 12 hours after death. Sur-
viving pigs were killed by electrocution.
Samples of liver, muscle, kidney, heart and
spleen were obtained and stored in separa-
rate plastic bags at -20°C for later chemical
analyses. Sections of heart, liver, kidney,
brain, adrenals, spleen, skeletal muscle, skin
and bone marrow, were fixed and retained
in 10% formalin for histological examina-
tion.

TRIAL 1

Thirty pigs averaging 6.3 kg and approx-
imately 24 days of age from five litters
were assigned to individual pens such that
a littermate pair, an intact male and female,
received one of three diets in a 2 x 3 (sex
and diets) factorial randomized complete
block arrangement. Diets calculated to con-
tain 20% crude protein were compounded
using corn and either torula yeast or dried
skim milk as the additional source of pro-
tein (Table I). The heated corn used in
diet 1215 was prepared by heating the
ground corn in a forced draft at 100°C
for 24 hours. This was done in an attempt
to reduce the level of a-tocopherol in the
diet. The duration of the trial was 140 days.

TABLE I. Composition of Experimental Dietsa

Trial 1 Trial 2

Diet No. 1214 1215 1216 1221b 1222b 1223

Ingredient Percent

Corn ...................... 76.00 57.25 76.00 57.27 70.40
Heated come 57.25
1 orula yeast .......... ..... 20.90 20.90
Dried skim milk 40.90 40.90 40.90
Soybean meal .............. 26.00
Vitamin premix 1003a ........ 0.50 0.50 0.50 0.50 0.50 0.50
Mineral premix 1004a 0.10 0.10 0.10 0.10 0.10 0.10
Cobalt iodized salt 0.50 0.50 0.50 0.50 0.50 0.50
Calcium phosphate (18.5%So Ca,
20% P) 0.50 0.25 0.25 0.50 0.25 1.30

Limestone 1.50 0.50 0.50 1.50 0.50 1.20

&Trace mineral premix supplied the following ppm in the complete diet: manganese 60, iron 70, copper 10,
zinc 100
Vita-min premix supplied the following per kg of diet: riboflavin 4.4 mg, pantothenic acid 8.8 mg, niacin
19.9 mg, choline chloride 110.3 mg, vitamin B12 19.9 ug, vitamin A 3,309 IU, vitamin D2 330.9 IU.
bComplete diets heated at 70°C for 24 hours in a forced draft oven
-Ground com heated at 100°C for 24 hours in a forced draft oven
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TRIAL 2

Eighteen pigs averaging 6.9 kg and ap-
proximately 25 days of age from three lit-
ters were allotted to three treatments such
that a littermate pair, a male and female,
were penned together and fed one of the
diets (Table I) in a 2 x 3 factorial (sex
and diets) randomized complete block ar-
rangement. The heated torula yeast-corn
and heated dried skim milk-corn diets were

the same formulae as used in the first
trial, except the complete diets were heat-
ed at 70°C for 24 hours in a forced draft
oven.
The pigs were maintained on trial until

death or for 70 days at which time the sur-
vivors were electrocuted and necropsied.

SELENIUM ASSAY

The fluorometric procedure of Hoffman
et al (14) was used for selenium assay. The

TABLE II. Pig Performance, Dietary and Tissue Vitamin E and Selenium Concentrations

Trial 1 Trial 2

Diet Number 1214 1215 1216 1221 1222 1223

Av. daily feed kg dry mattera. 0.821 0.871 1.202 0.601 0.931 0.961
Av. daily gain kga ........... 0.261 0.462 0.492 0.221 0.492 0.432
Av. gain/feeda ................ 0.361 0.593 0.492 0.381 0.532 0.461,2

Died/total .................. 9/10 1/10 1/10 4/6 1/6 1/6
Mean days of survival . .......59.81131.92 124.82 57.81 64.71 62.71

Feed selenium ug/gb ......... 0.021 0.067 0.072 0.034 0.055 0.043
Feed tocopherol ug/gb ........ 16.50 2.16 2.58 15.92 2.70 4.46
Liver selenium ug/gb ......... 0.1711 1.2992 1.2382 0.2161 0.6052 0.286'

aFor the first seven weeks of the trial
bDry matter basis
1,2,3-means on the same line for each trial bearing different superscripts differ significantly (P = 0.05)

TABLE III. Incidence of Lesions and Death of Pigs Fed the Experimental Diets, Trials 1 and 2

Skeletal
Hepatosis Myocardial Muscle Exudative Gastric

Source Died/Total Dietetica Degeneration Degeneration Diathesis Lesions'

Trial 1
Replication 1 1/6 1 1 3 1 3

2 2/6 2 2 4 2 5
3 2/6 1 2 2 2 5
4 2/6 2 2 2 2 4
5 4/6 3 3 3 2 2

Sex Female 6/15 5 5 9 4 10
Male 5/15 4 5 5 5 9

Diet 1214 9/10 8 9 10 9 8
1215 1/10 1 1 2 0 6
1216 1/10 0 0 2 0 5

Trial 2
Replication 1 2/6 1 3 3 2 2

2 3/6 2 3 3 2 2
3 1/6 0 0 0 0 2

Sex Female 3/9 1 3 3 1 2
Male 3/9 2 3 3 3 4

Diet 1221 4/6 3 4 4 3 4
1222 1/6 0 1 1 0 1
1223 1/6 0 1 1 1 1

aErosions and/or ulceration of the nars esophagea
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frozen tissue was sampled, weighed and
transferred to the digestion flask in a cold
laboratory to minimize selenium losses.

FEED TOCOPHEROL ANALYSIS

The feeds were extracted and saponified
according to the procedure proposed by the
Analytical Methods Committee (3). Total
tocopherols were eluted from the nonsapo-
nifiables using a Florisil column (6) and
were separated on a silica gel G thin layer
plate using the solvent system described
by Herting and Drury (13). Tocopherols
were visualized using 2'7'-dichlorofluores-
cein and short wave violet light. The colori-
metric procedure of Tsen (27) was used to
estimate a-tocopherol content. An internal
standard was added to one of a duplicate
set of samples and the recovery was used
to correct for tocopherol losses during the
assay procedure. Values reported are a-
tocopherol.

STATISTICAL ANALYSIS

The data were evaluated by the analysis
of variance technique and treatment means
were compared by the least significant dif-
ference method (25).

RESULTS

DEATHS AND SURVIVAL TIMES

One pig fed each of the diets containing
dried skim milk or soybean meal died,
while nine out of ten, and four out of six,
fed torula yeast died in Trials 1 and 2
respectively. It was observed in Trial 1 that
the pigs fed the torula yeast diet survived
an average of about 60 days; therefore, the
second trial was concluded after 70 days.
The differences in survival time in Trial
2 were not significant.

FREQUENCY OF LESIONS

Detailed descriptions of gross and mi-
croscopic lesions observed in these trials
are to be published in this journal at a
later date. The observations made compar-
ing the frequencies of the various lesions

were not analyzed statistically since only
a subjective evaluation of the severity of
lesions was made. It would appear that nei-
ther replication (litter) nor sex had any
effect on the incidence of HD or MHD in
Trial 1 (Table III). Female pigs were
more frequently affected with SMD than
male pigs. There was a considerably great-
er frequency of the various lesions, with the
possible exception of gastric lesions, in
pigs fed the torula yeast diet. All ten of
the pigs fed the torula yeast diet exhibited
SMD, nine exhibited MHD and ED, and
eight exhibited HD and erosions and/or
ulceration of pars esophagea. Fifty percent
or more of the pigs fed each of the diets
exhibited gastric lesions (erosions and/or
ulceration) .

Sex of the pig did not appear to influence
the development of the lesions in Trial 2.
Pigs fed the torula yeast diets exhibited
a greater frequency of lesions and death
as was observed in the first trial.

Heating of the diets did not have a
marked influence on pig survival or fre-
quency of lesions.

DIETARY TOCOPHEROL AND SELENIUM AND
TISSUE SELENIUM CONCENTRATIONS

The dried skim milk diets had between
two and three times as much selenium as
the torula yeast diets (Table II). In Trial 2,
the soybean meal diet contained an inter-
mediate level of selenium between the other
two diets. The torula yeast diet had much
higher tocopherol values than the other
diets.

Pigs fed the dried skim milk diets had
the highest liver selenium levels. In Trial
1 the liver selenium levels of pigs fed the
dried skim milk diets were approximately
7.5 times higher (1.299 and 1.238 ug/g)
than those of pigs fed torula yeast (0.171
ug/ g); however, the corresponding diet-
ary selenium levels were about three times
greater in the dried skim milk diets. These
differences were of a lower magnitude in
Trial 2.

GROWTH AND FEED CONSUMPTION

Although the differences were not statis-
tically significant, the pigs fed the torula
yeast diets tended to gain the slowest, ate
less feed per day and had lower gain/feed
ratios.
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DISCUSSION

The survival time and the frequency of
death of pigs fed diets containing torula
yeast are similar between trials and cor-
respond with other reports (7, 9, 11, 21).

Various researchers have used torula
yeast to induce HD in swine (7, 9, 19, 22).
The reasons that torula yeast readily pro-
duces the necrosis observed in our work
and others are: a) it is low in selenium
(0.009 ug/g ) (8); b) it is high in un-
saturated fatty acids (4, 16) and c) the
yeast may contain a selenium or tocophe-
rol antagonist (23, 24). The torula yeast
in these trials contained 0.018 ug of sele-
nium per gram of dry yeast. The level of
feed tocopherol appeared to be inversely
related to the incidence of lesions and death.
Thus the lesions observed may have been
due to an antagonist of vitamin E and/or
selenium or a deficiency of selenium or a
combination of both.
Low tocopherol levels (0.037 mg/g) (2)

and relatively low selenium levels (0.075
to 0.15 ppm) (26) would indicate that
dried skim milk would serve as an excellent
protein supplement to produce lesions. The
dried skim milk used in these trials con-
tained 0.11 ppm selenium and the data pre-
sented does not support the use of this
protein supplement for the induction of vi-
tamin E-selenium deficiency lesions.

Protein derived from soybeans has been
uised to induce lesions, but usually in con-
junction with unsaturated oils (9, 11, 15).
The corn-soybean meal diet used in Trial
2 failed to induce sufficient numbers or
severity of lesions to facilitate the study
of the vitamin E-selenium deficiency syn-
drome. Groce et al (12) have observed a
similar low incidence of lesions when pigs
were fed a corn-soybean meal diet which
contained approximately the same levels
of selenium and ax-tocopherol as the diet
used in Trial 2.
The lower liver selenium level of pigs

fed diets containing dried skim milk in
Trial 2 as compared with Trial 1 may be
partially explained by the lower dietary
selenium concentration in Trial 2. The dif-
ference in the duration of the two trials
(140 vs 70 days) may also have a bearing
on the liver selenium levels observed.
A liver level of 0.2 ppm selenium (dry

basis) has been suggested by Mathias et
al (18) for rats, Cousins and Cairney (5)
and Allaway et al (1) for sheep and Lind-
berg and Siren (17) for pigs as the mini-

mal concentration which will protect the
animals from selenium responsive diseases
when fed diets low in vitamin E. This
liver level corresponds well with our re-
sults and it would appear protection is af-
forded between 0.2 and 0.3 ppm liver sele-
nium as demonstrated by the liver level
found in the pigs fed the soybean meal diet
in Trial 2 but not the turola yeast diet.
However, Ewarn (10), has reported con-
siderably lower Se levels when pig diets
were supplemented with vitamin E, without
the appearance of deficiency symptoms.
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Book Review

PELZTIERKRANKHEITEN. Hans-Christoph
Loliger. Published by VEB Gustav Fischer
Verlkg, Jenw. 1970. 399 pages. Price 89.00
Mark.

This book on diseases of fur-bearing
animals covers in a comprehensive way the
diseases of the economically most im-
portant fur-bearing species: fox, mink,
chinchilla, nutria and raccoon. The diseases
of rabbits are not included.
The book is divided into two parts. The

first part comprises chapters on viral,
rickettsial, bacterial and mycotic diseases,
and a separate chapter on toxoplasmosis.
The second part contains ten chapters on
diseases of the different organ systems and
three additional chapters including meta-
bolic and deficiency diseases, diseases of
the newborn and poisonings. Parasitic dis-
eases are dealt with in the chapters on
diseases of the organ systems. Naturally,
some repetition could not be avoided.
Nevertheless, the text is arranged well and
the reader should have no difficulty in
finding the information he wants. The
description of each disease is subdivided in
the conventional way: introduction, etio-
logy, clinical symptoms, pathological find-
ings, diagnosis, treatment, prophylaxis and

literature. The lists of references are by
no means complete but sufficient as a
guide for those readers who would like to
pursue the subject in more depth. Refer-
ences are quoted up to 1968. Much em-
phasis is laid on the description of the
gross pathological and histopathological
changes which are illustrated by 130 pho-
tographs.
Some readers possibly would prefer to

see a more detailed discussion of treat-
ment. In most cases the required doses of
drugs are not listed.

In the paragraphs on aleutian disease of
mink, a more precise distinction between
the Chediak-Higashi syndrome and aleu-
tian disease of mink would have been de-
sirable.
The Canadian reader will object to the

legends of Figures 128 and 129: "...
Guelph (U.S.A.)".
On the whole, this volume is an excellent

source of information on diseases of fur-
bearing animals for the veterinary stu-
dent, the practising veterinarian and the
veterinarian in a diagnostic laboratory.
The book has one major drawback for the
North American reader: it is written in
German.--H. Tabel.
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